Introduction
Cancer of the nose and paranasal sinuses is a rare form of cancer, with an incidence of 0.5 to 1.5 new cases per year per 100 000 in men and 0.1 to 0.6 per 100 000 in women. However, the incidence of this cancer varies markedly from one country to the next, and, even between different parts of the same country. This variation has not been attributed to individual susceptibility, such as genetic differences, but rather to differences in exposure , . Numerous epidemiological studies have established a causal role of exposure to wood dust in the 1 2 development of sinonasal cancer, with extremely high relative risks, up to 10 30-fold, indicated for the sinonasal adenocarcinoma cell type other mediators of inflammation, tumour promoters, oxidizing agents and DNA damaging agents . Many of the signals that activate 12 COX-2 also induce tumour suppressor p53. The p53 is a transcription factor that induces antiproliferative responses such as cell cycle arrest, DNA repair, or apoptosis in response to DNA damage . The p53 pathway is disturbed in practically all main types of human 12 cancer 13
The present study was designed to investigate the expression of COX-2 in a series of sinonasal carcinomas. We sought to determine whether the pattern of COX-2 expression showed an association with tumour histology, wood-dust exposure, or smoking. In addition, we investigated p53 expression in the tumour tissue, to analyse possible parallel patterns of exposure between COX-2 and p53. The overall goal of the study was to examine the involvement of inflammation in the tumorigenesis process of SNC. To our knowledge, COX-2 expression has not been studied before in sinonasal carcinoma.
Material and Methods

Patients and samples
The sample set consisted of 50 sinonasal cancers (ICD-10: C30.0, C31; ICD-9: 160 except 160. A panel of three pathologists (MD, TS, HW) reviewed the histopathological diagnoses of the tumour sections, in order to achieve consistent diagnostic criteria throughout the series. The tumour histologies included in the study were adenocarcinoma (n 23) and Patients or next-of-kins for deceased patients were interviewed to collect information on smoking and occupational exposure to wood dust; for the Finnish cases, this information was supplemented with data from the Finnish Centre for Pensions. Wood dust exposure at work was assessed by an industrial hygienist (PH), with consultations with two other industrial hygienists experienced in wood processing industry. There were 17 wood dust -exposed cases and 15 non-exposed; with information unavailable for 18 cases. In all, 19 cases were smokers and 11 non-smokers, with information missing in 20 cases. The study was approved by the appropriate national Ethical Review Boards in Finland and France.
Immunohistochemistry analysis
COX-2 expression
Sections (4 m) cut from paraffined tissue blocks on coated slides were incubated overnight at 37 C, deparaffinized and then μ°m icrowaved for 4 5 min in 0.01 Mmm Na-citrate buffer (pH 6.0). To block endogenous peroxidase activity, the slides were immersed in 
COX-2 expression by real time quantitative PCR
To further confirm the COX-2 expression detected by IHC, we performed a real-time quantitative PCR analysis. RNA was successfully extracted from 10 adenocarcinomas by using High Pure RNA Paraffin kit (Roche) according to manufacturer s instructions.
'
The RNA extraction was successful for a subset of adenocarcinomas; the rest of the tissue samples were either too small or possibly too old to yield RNA of acceptable quality. The cDNA synthesis and real-time quantitative PCR (Taqman assay) with an AbiPrism 7700 Sequence Detector System (Applied Biosystems) were performed as described earlier . PCR primers and probes designed by Applied 16 Biosystems and purchased from the company were used. The results were expressed as relative units (RU), which were calculated by the comparative CT method . 16
Statistical analysis
Statistical analyses were performed using the 
Results
COX-2
Altogether 48 SNC tumours were analysed for COX-2 expression by immunohistochemistry. A summary of IHC results on COX-2 and p53 is shown in , and representative examples of COX-2 expression in sinonasal cancer are illustrated in . We found Table 1 Figure 1
that expression of COX-2 was statistically significantly associated with the adenocarcinoma histology (p < 0,001, ; ). In Table 1 Figure 2 SCCs, COX-2 was poorly or not at all expressed, whereas in adenocarcinomas, a strong COX-2 expression was seen. All but one (92 ; % 12/13) of the adenocarcinoma tumours exhibiting moderate or strong COX-2 expression were ITAC. Interestingly, COX-2 expression was stronger in non-smokers (p 0.001) and in the wood dust -exposed subjects (p 0.024), as shown in and . No association = = Table 1  Figure 3 between COX-2 expression and tumour site ( ) or tumour grade (data not shown) was observed. Table 1 COX-2 expression could also be detected at mRNA level from the tumour tissue by real time quantitative PCR analysis. This analysis was performed only on a subset of adenocarcinomas due to limitations with tissue material available. The levels of COX-2 mRNA expression determined by the real time quantitative PCR assay showed variation between the tumours (range 6 384 RU;
) and
were in parallel with the expression seen in IHC in most cases (Pearson correlation coefficient between IHC index and RU was 0.63).
p53
Overall, about half of the 41 cases that underwent p53 IHC analysis expressed p53 ( ). No statically significant associations Table 1 were found; however, some tendencies could be seen. Collectively, the SNC cases with wood-dust exposure in the past more often exhibited strong staining for p53 as compared with the non-exposed (p 0.062; ), resembling the staining pattern observed for = Table 1 COX-2 expression. In the adenocarcinomas, all the more strongly positive p53 accumulations (levels / ) were found in non-smokers ++ +++ (p 0.061) and wood dust -exposed cases (p 0.15). In SCC, on the contrary, smokers tended to show more p53 accumulation (from cases = = with p53 accumulation levels of / and data available for smoking history, 7/7 were smokers). Unlike COX-2, p53 accumulation was ++ +++ not associated with tumour histology ( ). The association between p53 and COX-2 expressions was close to statistical significance Table 1 in adenocarcinomas (p 0.054) but not in SCCs.
=
Associations with exposure and tumour histology
From the 17 SNC cases with work-related wood dust exposure in the past, 82 (14/17) presented with adenocarcinoma (all ITAC) % and 18 (3/17) with SCC. The association between the histological tumour type and wood dust exposure was statistically significant (p % <0.001). There was a non-significant association between smoking and SCC; 63 (12/19) of smokers presented with squamous cell % carcinoma and 64 (7/11) of the non-smokers displayed adenocarcinoma tumours. Smoking was not associated with wood-dust exposure.
%
The cancer site and the histological type were also significantly associated (p<0.001; data not shown); almost all ethmoidal cancers were adenocarcinomas, whereas almost all cancers of maxillary sinus were SCCs.
Discussion
In the present study, we observed a significantly elevated COX-2 expression in human sinonasal adenocarcinoma (mostly ITAC), as compared to squamous cell carcinoma. Our IHC findings on COX-2 expression were supported by further analysis of COX-2 mRNA levels in a subset of adenocarcinoma tumours. These results are in accordance with increased COX-2 expression reported for other human cancers, such as lung cancer , colon cancer , pancreatic cancer and stomach cancer . Earlier, COX-2 expression has been 4 8 In the scientific literature, involvement of multifactorial biological pathways in development of wood dust-associated sinonasal cancers has been proposed , . In line with this, our recent experimental work lends support for a role of wood dust exposure in eliciting 2 7 inflammatory response. We showed that dusts from various wood species were able to induce the release of proinflammatory mediators in lung macrophages and pulmonary cells and In addition, our data suggest that generation of oxygen species (ROS) is likely in vitro in vivo.
to be involved in the inflammatory process . We have further preliminary data indicating that wood dusts are able to induce COX-2 4-6 expression in a dose-dependent manner in mouse pulmonary macrophages (Holmila et al., unpublished data COX-2 expression in cancer may be dependent on tumour histology. They proposed also, interestingly, that chronic inflammation could represent a physio-pathological context in which p53 and the transcription factor NF-kappaB could cooperate to activate COX-2 . 12
In a recent review, de Moraes propose that the seemingly contradictory data on the cross talks between COX-2 and p53 , et al. 24 5 21-can be explained by two different mechanistic scenarios, not mutually exclusive though, where the variable patterns between COX-2 23 and p53 expressions are dependent largely on the inflammatory context. The authors further hypothesise that both the suggested mechanisms -the one involving cooperation between NF-kappaB and p53, as well as the other one in which COX-2 activation occurs independently from those two regulators, with gene mutation co-existing as an additional independent effector -may have TP53 synergistic effects in inhibiting apoptosis. They further see that such a situation may prevail in many squamous cancers as well as in cancers where mutation occurs prior to the development of a lesion as a result of intense exposure to environmental carcinogens, TP53
exemplified by lung cancer of smokers, irrespective of histology . Finally, it is pointed out that most likely the activation of COX-2 as in 24 the latter mechanistic alternative may be relevant for most tumours, including those where inflammation stress occurs . 24
Our present results suggest an association between p53 accumulation and COX-2 expression in sinonasal adenocarcinomas, with no such relation seen in SCCs. It is known that a major cause of p53 accumulation is inactivating mutation in the gene; our observations TP53 thus propose that COX-2 expression may arise through mechanisms independent of p53 in at least sinonasal tumours with adenocarcinoma histology. On the basis of the mechanisms envisaged for the interplay between COX-2 and p53 , it seems likely that partially different 24
and partially shared conditions and regulatory events of COX-2 and p53 expressions prevail in adenocarcinoma and SCC histologies of sinonasal cancer.
Immunostaining against the tumour suppressor p53 protein indicated that accumulation of p53 is common in sinonasal tumours; about half of the cases had a high level of p53 accumulation. The two histologies did not differ in this respect. In the literature, the data on sinonasal cancer are sparse but there are a few studies that have reported accumulation of p53 in sinonasal cancer , . In the study by 25 26 Valente . , the number of normal epithelial cells showing p53 nuclear accumulation was significantly higher in ethmoidal mucosa of et al 25 subjects with a long history of exposure to wood dust in comparison with patients not exposed to wood dust (i.e. those who had undergone an esthetic nasal surgery). Differences between wood dust-exposed and non-exposed adenocarcinoma cases were also seen in p53 expression in normal epithelium and neoplastic cells . We did not find statistically significant associations between p53 accumulation 25 and the two exposures, wood dust and smoking, possibly due to the small number of cases. There was, however, a tendency (p 0.062) for accumulation of p53 was found to be common in sinonasal cancer, but no statistically significant associations with p53 and histological type or exposures were found. Our current findings suggest a role for inflammatory components in carcinogenesis of sinonasal cancer. Increased knowledge on molecular cancer mechanisms associated with carcinogenic exposures is highly needed for risk assessment; such data may eventually open prospects for prevention and treatment.
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